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NON-INVASIVE DEVICE FOR MEASURING BLOOD TEM PERATURE IN A 
CIRCUIT FOR THE EXTRACORPOREAL CIRCULATION OF BLOOD, AND 
EQUIPMENT PROVIDED WITH TPIIS DEVICE 



The present invention relates to a non-invasive device for measuring blood 
temperature in a ciixuit for the extracorporeal circulation of blood, and to equipment 
provided with this device. 

It is laiown that one of the problems closely associated with the use of circuits • 
for the extracorporeal circulation of blood is that of monitoring the blood temperature. 
Tliis is because the . human body maintains the blood temperature at an essentially 
constant level of approximately 37°C, with very limited variations contained witliin a 
few tenths of a degree Celsius (in non-pathological conditions). Larger variatioiis-can • • 
result in an imbalance in the body, causing damage which may be severe. However, 
during its exti*acorporeal circulation, the blood gives up some of its heat to the 
smTOunding environment, and this may result m excessive and prolonged lowering of 
the blood temperature, such that metabolic imbalance is caused, especially m vulnerable 
patients. 

Special arrangements must therefore be made for certain types of inachines, 
such as dialysis macliines, which use a cii-cuit for extracorporeal circulation. Dialysis 
treatments have to be repeated frequently and for prolonged periods, and it is therefore 
particularly important to protect the patient from the risks described above. Moreover, a 
dialysis machine uses a filter having a first compartment, in wliich the blood flows, and 
a second compartment, in which there flows a dialysate which may be at a temperature 
different from the blood temperature. The two compartments are separated fi'om each 
other by a semi-permeable membrane which allows heat to be transferred fi-om the 
blood to the dialysate and vice versa. For tins reason also, the problem of monitormg the 
blood temperature is very important in the. field of dialysis macliines. Similar problems 
arise when haemofiltration and haemodiafiltration treatments are carried out. 

Various methods have been proposed for monitoring the blood temperature 
during extracorporeal circulation, the efficacy of these methods being dependent on the 
possibility of measurmg in a precise and rapid way the patient* s blood temperature 
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immediately downsti-eam of tlie collection poiiit and upstream of the return point. This 
temperature is measured indh*ectly by means of a non-invasive measurement system 
comprising a temperature sensor connected to a portion of the extracorporeal circuit. In 
greater detail, in laiown measurement systems a portion of a line of the exti'acorporeal 
circuit is housed in an akiminium element shaped in such a way that it has a large heat 
^ exchange surface in contact with the said line. A platinum thermistor is placed in 
contact with the aluminium element and is used to measme the temperature of tine latter. 
li\ conditions of thermal equihbrium,- the temperature of the line and therefore of the 
blood flowmg in it is related to the temperature of tlie aluminium element by a known 
relation and can be determined from the signal supplied by the thermistor. In order to 
reduce the effect of tlie external enviroimient on the result of the measurement, the" 
transducer formed in this way (tlie aluminium element and the thermistor) is inserted 
into a support, also made from aluminium, which is kept at the same temperature as the 
...".line.by .a heater, controlled by^ a,. suitable control unit. Thus tlie heat exchange^between^ - 
the transducer and the external environment is minimized, and the measured 
temperature depends solely on the heat exchange with the line. The space between the 
transducer and the heated support is filled with a material (for example, P VC) chosen in 
such a way as to optimize the comproinise between tlie speed of response of tlie sensor 
and tlie thermal insulation fi'om the external enviromnent. 

However, the known systems liave a number of di*awbacks. This is because the 
lines forming tlie extracorporeal circuit are normally made from material with low 
tliennal conductivity, m order to prevent a damaging loss of heat. The thermal coupling 
between the blood flowing within the extracorporeal circuit and tlie aluminium element 
is therefore poor, and the measurement made in the way that has been described is 
hievitably of low accuracy. In particular, the known systems have very long response 
transients, since a variation in blood temperature is detected only after a new state of 
thermal equilibrium has been established among the blood flow, the wall of the 
exti'acorporeal circuit, the transducer and the heated support. 

The object of the present invention is to provide a non-invasive device for 
measuring the blood temperature in a circuit for tlie extracorporeal circulation of blood, 
wliich is free of the drawbacks of the Icnown ait. 

According to- the present invention, a non-invasive device is provided for 
measuiing blood temperature in a cii'cuit for the extracoiporeal circulation of blood, tlus 



device comprising a line in which blood taken fi'om a patient flows, and a temperatiu-e 
sensor, comiected to the said line and generating a first signal correlated with the 
temperatiu-e of the blood flowing in tlie said line, characterized in that the said 
temperature sensor comprises a device for measuring the intensity of an electromagnetic 
radiation, and tlie said line comprises a connecting portion facing tlie said measuring 
device and permeable by electi'oraagnetic radiation in a fii^st wave band; the 'said fii-st 
signal being correlated witli the intensity of the said electromagnetic radiation in tlie 
said first band.. 

The device according to the urvention advantageously permits tlie measurement 
of a quantity directly correlated with tlie patient's blood temperature, namely the 
electromagnetic • radiation emitted by the blood at a certain temiDeratm-e in a 
predetermined frequency band. Secondly, the portion of the extracorporeal circuit on 
. which the measurement is made is connected to the sensor in such a way that the 
^-.fr;action ^of electromagnetic- -radiation emitted • by the . blood and -incident on- the '* 
measuring device is maximized. Furthermore, the devices for measuring 
electromagnetic radiation, comprising a tliermopile in a preferred embodiment of the 
invention, have very short response ti'ansients. The device therefore has very liigh 
precision, accm^acy and speed of response. In practice, tlie blood temperature can be 
measured with an error of less than 0.1 ''C and witli transients of tlie order of hundredths 
of a second. 

The present invention also relates to control equipment in an extracorporeal 
blood circuit, as specified in Claim 20. 

To enable tlie present invention to be more clearly understood, a preferred 
embodiment thereof will now be described, purely by way of example and without 
restrictive intent, with reference to the attached figiu'es, of which: 

Figure 1 is a schematic view, with parts removed for clarity, of a dialysis 
machine equipped with a blood temperature measuring device constructed according to 
the present invention; 

Figm*e 2 is a schematic view in side elevation of the measuring device of Figm-e 

1; 

Figure 3 is an exploded view of the device of Figure 1 , with parts removed for 

clarity; 

Figure 4 is a perspective view of a detail of the device of Figm-e 3; 



Figure 5 is a graph showing chai*acteristics of parts of the device of Figure 2; 
Figure 6 is a partial schematic view of the detail of Figure 4; and 
Figure 7 is a schematic view, with parts removed for clarity, of a dial)^sis 
machine equipped with a blood temperature measmnng device constructed according to 
a variant of the present invention. 

In the example of embodiment described below, tlie hivention is used for 
monitoring tlie blood temperature during a dialysis treatment. 

In Figure 1, the number 1 mdicates the whole of a dialysis machme comiected to 
a patient P. The machine 1 comprises an extracorporeal blood circuit 2, a filter 3 
mcluding a blood compartment 5 and a dialysate compartment 6 separated by a semi- ■ 
permeable liiembrsine 7, a dialysate circuit 8 comiected to the dialysate compartment 6, 
an infusion circuit 9 and equipment 10 for regulating the blood temperatiu*e. 

The extracorporeal blood circuit 2 comiDrises an arterial branch 11, in wliich a 
~'13eristaltic pump 12-is -located-and a- venous branch 13. The arterial branclr it lias one" 
end connected to the blood compaitment 5 and one end connected to a fistula (not 
illustrated) in the patient P to collect the blood from the cai'diovasculai* system of the 
patient P, while the venous branch 13 has one end comiected to the blood compartment 
5 and an opposite end fitted into the aforesaid fistula (not illustrated) to return the 
treated blood to the cardiovascular system of the patient P. The branches 1 1 and 13 are 
tubes made fi*om plastic material, used, respectively, for supplying the blood to be 
treated to the compai'tment 5 and for introducing into tlie cardiovascular system the 
treated blood leavmg the compartment 5. 

The infusion circuit 9 is connected to a pre-dilution node 15a, located in the 
arterial branch 11, and to a post-dilution node 15b, located in the venous branch 13, and 
supplies a conti'olled quantity of an infusion solution to the extracorporeal- circuit 2, in a- 
laiown way. Alternatively, the infusion circuit 9 is comiected ordy to the pre-dilution 
node 15a or only to tlie post-dilution node 1 5b. 

The equipment 10 for regulating the blood temperature comprises a non- 
invasive device 16 for measuring the blood temperatm-e, located in the arterial branch 
11 and provided with a conti'ol unit 16a, a state sensor 17 for detecting whether the 
peristaltic pump 12 is in operation, and a temperature regulating device 18, located in a 
portion 13a of the venous branch 13 of the exti-acorporeal circuit 2 downstream of the 
post-dilution node 15b, in such a way that it combines with the portion 13a to form a 



heat exchanger. The regulating device 18 is also connected to an output of the device 16 
suppl3mig a blood temperature* signal Sjb. 

The device 18 regulates the blood temperatiu*e in the portion 13a without adding 
mass to tlie blood flow. In other words, the regulating device 1 8 acts on a fluid which is 
separated physically from tlie blood and whose temperature Tf is monitored by the unit 
16a in a range from lO'^C to 43°C m such a way as to supply heat to, or remove it from, 
the blood flowing in the venous branch 13 directly before the blood is returned to the 
patient P. 

The regulating device 18 comprises at least one line 18a, which forms a set of 
windings or a nest of tubes and provides a seat 18b for housing tlie portion 13a of the 
. venous branch 13, and a heater/cooler 18c connected to the control unit 16a. 

• During operation, in the course of the dialysis treatment the blood is collected 
from the patient P and is conveyed along the extracorporeal circuit 2. The non-invasive 
-device 16 measures' the - tempei-atltf^^^^ conti'ol luiit 16a controls the reguiafiiig " 

device 18, on tlie basis of a predetermined algorithm, as a function of the temperatui'e 
Tp and a reference temperatiure Tset which is set by an operator at tlie control unit 16a. 

For example, the control unit 16a compares tlie temperature Tp with the 
reference temperature Tset, wliich is generally ST'C, and calculates the temperatui*e 
difference AT between the temperature Tp and the reference temperature Tset- At the 
start of the dialysis teeatment, the regulating device 18 keeps the temperatm-e Tp of the 
fluid at a value equal to the reference temperiature Tset> while the temperature Td of the 
dialysate is regulated in such a way as to optimize the haemodialysis treatment. During 
the haemodialysis ti-eatment, the blood temperature T in the extracorporeal circuit 2 
varies as a result of the heat exchange with the surrounding environment, with the 
dialysate, and with the fluid conveyed witliin the regulating device 18, and as a function 
of the reaction of the patient P to the materials used in the treatment of the blood. 

The temperature Tp is meeisured by the non-invasive device 16, for example, at 
relatively short time interv^als during the dialysis treataient, and tlie control unit 1 6a 
calculates the temperature difference AT at the same frequency as that of the 
measurement of the temperatm*e Tp. Wlien the temperature difference AT between the 
temperatm-e Tp and the reference temperature Tset talces a negative value, the fluid' 
temperatiu*e Tf is increased in such a way as to supply heat to the blood in the portion 
13a, while when the temperature difference AT takes a positive value the fluid 
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temperature Tf is reduced in such a way as to remove heat from the blood in the portion 
13a. The repetition of the procedure described above at short tune intervals makes it 
possible to rapidly stabilize the temperature Tp, in other words the temperature of the 
patient P, at a value close to the reference temperature Tset, whenever the temperatxire 
5 Tp varies with respect to the reference temperature Tset. 

The sensor 17 detects the state of operation of the pump 12 and emits a signal to 
indicate when the pump 12 is operational and when it is stopped. If the signal emitted 
by the sensor 17 indicates that the pump 12 is in a stopped state, tlie control tmit 16a 
keeps the value of Tf equal to the reference temperature Tset; if, on tlie other hand, the 
10 signal mdicates that the pump 12 is in an operational state, the fluid temperature Tp is 
regulated as a fiuaction of the temperatuie difference AT according to the procedure 
desci'ibed above. 

In a variant of the operation, the reference temperature Tset is not fixed, but 

varies during the dialysis treatment accordmg to a specified profile. " • 

15 As illustrated in Figures 2 and 3, the device 16 comprises a temperatm-e sensor 

19, a line 20 fitted in the arterial branch 11 and connected to tlie sensor 19, and the 
digital and/or analogue control unit 16a. 

In. greater detail, the sensor 19 comprises a thermopile 21 and a temperatxu-e 
control device 22. The thermopile 21 is housed within a casmg 23 (Figure 4), in a 
20 window 2.4 formed in the said casing 23, and has. a pair of measuring terminals 25 
comiected to the control miit 16a. Between these terminals 25 there is a voltage Vb 
correlated with the intensity of the electromagnetic radiation striking the thermopile 21 
thi'ough the window 24 and having a predetermined measurable waveband Bs, at least 
partially included in the infrared band IR (Figure 5). The operating principle of a 
25 thermopile is based on the Seebeck effect. In particular, the thermopile 21 preferably 
has a plurality of hot junctions 21a and cold junctions 21b comiected together in series, 
as shown in Figure 6. The hot jmictions 21a are located in an area of absorption 21c 
which absorbs tlie incident electromagnetic radiation and modifies its own temperature 
as a result. The cold junctions 21b are supported by a support 2 Id of semiconductor 
30 material placed in contact with the casmg 23 (Figiu*e 4) in which tlie thermopile 21 is 
housed. The voltage Vb generated by the tliermoelectiic effect is a function of the 
temperature difference between the hot junctions 21a and the cold junctions 21b, in 
other words between the absorption area 21c and the support 2 Id. In order to have a 



voltage Vb which is different from zero and dependent solely on the intensity of the 
electromagnetic radiation, and in order to have a liigh signal-to-noise ratio as well, the 
temperature of the support 2 Id, on which the cold junctions 21b are located, must be 
kept at a value sufficiently lower than the operating temperatiu'e range witliin which the 
tliermopile 21 is to be used. For tliis purpose, use is made of tlie control device 22 which 
keeps the casing 23 and consequently the support 21 d at a conti'oUed and constant 
operating temperature, in the range, from 5°C to 15°C and preferably at 10°C, With 
reference to Figures 2 - 4, the conti'ol device 22 comprises a thermistor 28 (Figm-e 4), a 
solid-state heat pump 29 and a control circuit 30, preferiably integrated in the conti'ol 
miit 16a (Figure 2). The thermistor 28 is located wdthin the casing 23 and is thermally - 
comiected to the- cold junctions 21 b of the thermopile 21 by means of the casing 23 and 
tlie support 2 Id; additionally, the thermistor 28 has a pair of terminals 3 1 connected to 
the control circuit 30 and supplying an electrical signal Stp> correlated with the 
- operating^ temperature^ of the^thermopile\21; The heat ptniip 29 is a 'tliermoeleM-'ic ' 
module, for example a Peltier cell, wliich causes heat to be ti-ansferred between its two 
opposite surfaces when an electrical cuixent passes tlirough it, and therefore has a cold 
surface 32 and a hot surface 34 (Figures 2 and 3). The cold smface 32 is comiected to 
tlie casing 23 of tlie thermopile 21 by means of a heat-conducting supiDort 33 (made 
from copper, for example), wliich is pierced so that it can house tlie thermopile 21. The 
hot surface 34 is connected to a heat sink 35 to promote the dispersion of the heat 
extracted by the said heat pump .29. The heat pump 29 also has a pair of terminals 36 
connected to the control circuit 30, which, in a Icnown way, supplies a control current Ic 
correlated with the electrical signal Stp. " 

As shown in Figures 2 and .3, tlie line 20, in wliicli tlie blood collected from the 
patient P flows, comprises a connecting portion 37, facing the thermopile 21 and 
permeable by tlie electromagnetic radiation in the measm^able band Bs. In greater detail, 
the connecting portion 37 is of discoid shape and is completely superimposed on the 
window 24 of tlie casmg 23 in which the thermopile 21 is housed, in such a way that it 
completely covers the solid angle of view of the thermopile 21. Additionally, tlie 
comiecting portion 37 is made from a material having negligible absorbance and high 
transmittaiice in the measurable band Bs and in a temperature range from 30^C to 40°C. 
Preferably, this material is chosen from high-density polyethylene, low-density 
polyethylene and poly(4-metliyl-l-pentene) (PMP). Thus the fraction of electromagnetic 
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radiation emitted by the blood of tlie patient P in the temperatiue range from 30°C to 
40°C and striking the thermopile is maximized. ' 

A filter 38, comprising a sheet of a material which is essentially opaque to 
electromagnetic radiation outside a pass band Bp lying within the measiuable band Bs 
(Figiu*e 5), is interposed between the tlaermopile 21 and the Ime 20 (Figures 2 and 3). In 
particular, the filter 38 is supported by tlie casing 23, and has a first face 39 positioned 
so that it covers tlie window 24, and a second face 40, opposite the first face 39 and 
facing the connecting portion 37 of the Ime 20. In the embodiment of the invention 
described herein, the filter 38 is made from suitably ti-eated germanium, and the pass 
band Bp is in the range from 8 \Am to 14 |.mi (infrared). 

During the dialysis treatment, the blood collected from the cardiovascular 
system of the patient P flows tln'ough the hne 20 and emits electromagnetic radiation in 
the measurable band Bs. A fraction of the electromagnetic radiation emitted tlirough the 
"filter J8 and ^ the' wnidow 24 strikes the thermopile 21, thus contribUfiiig'^tb tlie' 
detemiination of tire value of the voltage Vb between the terminals 25, In greater detail, 
the variations of the voltage Vb are due exclusively to the valuations of intensity of the 
electromagnetic radiation wliich is emitted by the blood flowing m the comiecting 
portion 37 and which strikes the thermopile 21. This is because, since the connecting 
portion 37 is positioned so tliat it entirely covers tlie solid angle of view of the 
thermopile 21 tlirougli the window 24, tlie flow of electromagnetic radiation through the 
window 24 is essentially due solely to the electromagnetic radiation emitted by the 
blood flowing in the connecting portion 37; additionally, the casing 23 of tlie thermoiDile 
2 1 is kept at a constant laiown temperature by means of the device 22, and consequently 
makes a constant contribution to tlie voltage Vb. 

The intensity of the radiation is also correlated with the temperature Tp of the 
body by which it is emitted, in otlier words the blood of tlie patient P. More specifically, 
the total power of the emitted infrared radiation is a fmiction of the temperature of the 
radiating body, according to the Stefan-Boltzmaim law. The intensity of the emitted 
radiation increases with an increase in the temperature of the radiating body. In tlie case 
in question, the filter 38 selects only tlie electromagnetic radiation lying witliin llie pass 
band Bp, and the voltage Va generated by the thermopile 21 depends on tlie energy 
absorbed in tliis pass band Bp. 



The temperature Tp caii therefore be determined on the basis of the value of the 
voltage Vb, accordmg to a laiown relation of the following type: 

Tp = F(Vb) + To (1) 
where F (Vb) is an experimentally determined function and To is the operating 
temperature at which the casing 23, the support 21 d and tire cold junctions 21b of the 
thermopile 21 are all maintained. 

In ordinai-y operating conditions, the vaiiations of tlie temperature Tp ai'e not 
more tihan a few degrees Celsius, and therefore the relation (1) can be approximated by 
the relation: 

Tp-To + K*Vb (2) 
where K is a Icnown constant, since it is experimentally determined. 

With reference to Figure 7, the number 45 indicates a haemofilti'ation maclrine 
comprising the extracorporeal circuit 2 and a haemo filtration filter 46 comprising a 
blood compartment 47 and a compartment 48 separated by a semi-permeabie* membrane 
49. The machine 45 is equipped with the blood monitoring equipment 10 and, in 
pai'ticular, is provided witli tlie non-invasive device 16. 

The machine 45 can carry out pure haemofiltration treatments and 
haemofiltration treatments in pre- and/or post-dilution. 

The equipment 10 applied to the machine 45 is completely identical* to tliat 
associated wth tlie maclrine 1, and its operation is also identical. 

Tlie equipment 10 is particularly advantageous in that it can be connected to any 
type of blood purification machine, and does not requh*e adaptation to the type of 
pmification treatment in use. 

Finally, modifications- and variations can clearly be applied to the device 
described without departure from the scope of the present invention. In the first place, 
the use of the invention is not limited to dialysis machines alone, but can be extended to 
all cases in which a circuit for .extracorporeal blood circulation is used. It is also 
possible to use infrared radiation measuring devices other than those described, such as 
devices made from semiconductor material with PNj mictions. The non-invasive device 
could also be provided .witli a dedicated conti-ol unit, separate from that wliich is used to 
conti'ol the other parts of the equipment for regulating the blood temperature. The heat 
pimip used can also be different from a Peltier cell. As an alternative to the use of a heat 
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pump, it is possible to directly compensate the signal from the thermopile 21 by usin 
the temperature of the casing 23, which can be measured by means of the tliermistor 28 
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